The purpose of this systematic review was to evaluate the impact of the abutment characteristics on peri-implant tissue health and to identify the most suitable material and surface characteristics.
surfaces has been tested in animal experiments. When compared to standard abutments, the microgrooved surface seemed to be associated with a longer connective tissue attachment and less bone resorption (Iglhaut, Becker, Golubovic, Schliephake & Mihatovic, 2013; Kim et al., 2010) .
The position of the epithelial and connective tissue attachment has been shown to influence the remodelling processes that occurs around implants (Rompen, Domken, Degidi, Pontes & Piattelli, 2006) . Inflammatory infiltrates elicited by the microbial colonisation of the implant-abutment interface were considered to be one of the factors causing epithelial downgrowth and subsequent peri-implant bone loss (Iglhaut et al., 2014) . In fact, the contamination of the abutment surface has shown to have a negative effect on the soft tissue integration (Rompen, 2012) . Several cleaning protocols have been proposed to effectively decontaminate the implant surface and avoid epithelial downgrowth (Canullo, Genova, et al., 2016; .
Although new abutment materials, designs and surface manipulations methods are currently under investigation, there is controversy on their real effect on the peri-implant hard and soft tissues.
It is, therefore, the purpose of this systematic review to assess in systemically healthy patients with at least one abutment connected to an implant the effect of the abutment material, design or surface manipulation method on peri-implant soft tissue health as measured by bleeding or gingival indexes.
| MATERIAL AND METHODS
Before the start of the systematic review, a protocol was developed, aiming to answer the following focused question (Needleman, 2002) :
Which is the effect of modifying the abutment characteristics for maintaining peri-implant soft tissue health?
This question considered the following PICO question:
• Population: Systemically healthy patients with at least one abutment connected to an implant.
• Intervention: Any change in abutment material, design (macro-or micro-design) or surface manipulation (e.g., cleaning protocols).
• Comparison: Any abutment material, design (macro-or micro-design) or the surface manipulation (e.g., cleaning protocols).
• Outcomes: Peri-implant soft tissue health measured by gingival or bleeding indexes.
As secondary outcomes, the following were considered: implant survival, marginal bone levels, probing pocket depth (PPD), plaque index (PI), changes in the position of the peri-implant soft tissues (changes on the level of mucosal margin, crown length implant, dimension of keratinised mucosa, thickness of the mucosa, level of the papilla), any aesthetic index, colour of the mucosa, technical complications and patient-related outcomes (PROMs).
| Eligibility criteria

| Inclusion criteria
• Randomised clinical trials (RCTs), with at least 6 months of follow-up after abutment connection;
• in systemically healthy patients;
• with assessment of peri-implant soft tissue health by gingival or bleeding indexes.
| Exclusion criteria
The following studies were excluded:
• Those comparing the effect of different implant-abutment connections (e.g., Switching platform);
• Those investigating mini-implants and/or orthodontic anchorage devices;
• Those evaluating implant prostheses directly screwed into the implant head;
• Those evaluating the behaviour of abutments used to retain removable prosthesis;
• Those evaluating different implant macro-designs.
| Information sources and search
| Electronic search
Two electronic databases were used as sources in the search for studies satisfying the inclusion criteria: (i) The National Library of Medicine (MEDLINE via Pubmed) and (ii) Cochrane Central Register of Controlled Trials. These databases were searched for studies published until December 2016. The search was limited to human subjects. The specific search protocol is found in Appendix S1.
| Study selection
Eligibility was performed by screening titles and abstract and a thorough analysis of the selected full texts. Titles and abstracts were screened for inclusion by two independent reviewers (ISM and ACA).
These were calibrated (unweighted k scores) against an expert in systematic reviews (ISS). Abstracts were excluded if they did not fulfil the inclusion criteria listed before. To avoid the exclusion of potentially relevant articles, abstracts providing unclear results or absent were included in the full-text analysis.
Full text of studies of possible relevance was retrieved for independent assessment by the same reviewers, using the same inclusion criteria. Any disagreement was resolved by discussion between reviewers, who also conducted independently the quality assessment of the selected studies.
| Data extraction
Data were extracted by the reviewers independently (ISM/ACA) using specially designed data extraction forms. Any disagreement was discussed, and a third investigator (ISS) was consulted when necessary.
Authors of the primary studies were consulted to obtain any further information not available in the paper. When the study results were published more than once or results were presented in multiple publications, the most complete dataset was identified, and data were included only once.
| Quality assessment (risk of bias in individual studies)
A quality assessment of the included RCTs was performed according to the Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0; updated March 2011 by Higgins and Green, 2011) . Six main quality criteria were evaluated: sequence generation, allocation concealment, blinding treatment outcomes to outcome examiners, completeness of follow-up, selective outcome reporting and other sources of bias. Depending on the descriptions given for each individual criteria, they were rated as: low, unclear or high risk of bias.
| Risk of bias across studies
The publication bias was evaluated using a Funnel plot and the Begg′s test for small-study effects for bleeding index. A sensitivity analysis of the meta-analysis results was also performed (Tobias & Campbell, 1999 
| Data analyses
The statistical heterogeneity among studies was assessed using the Q test bases on chi-square statistics (Cochran, 1954) as well as the I 2 index (Higgins, Thompson, Deeks & Altman, 2003) thus reporting the percentage of variation in the global estimate that was attributable to heterogeneity (I 2 = 25%: low; I 2 = 50%: moderate; I 2 = 75%: high heterogeneity).
To summarise and compare studies, mean values of primary and secondary outcomes were directly pooled and analysed with weighted mean differences (WMDs) and 95% confidence intervals (CIs). Studyspecific estimates were pooled with both the fixed and random-effect models (DerSimonian & Laird, 1986) , and the random-effect model results were presented. In addition, a subgroup analysis was carried out on the selected outcome variables using the type of procedure (material, macroscopic design, surface topography and surface manipulation), as explanatory variable.
A forest plot was created to illustrate the effects in the metaanalysis of the different studies and the global estimation. STATA ® (StataCorp LP, Lakeway Drive, College Station, TX, USA) intercooled software was used to perform all analyses. Statistical significance was defined as a p value < .05. Figure 1 depicts the study flow chart. The electronic search delivered 534 titles. After the evaluation of titles and abstracts, 487 studies were discarded, resulting in 47 studies, which after adding 32 articles found through manual search, resulted in 79 studies selected for full-text analysis [agreement = 89.04%; kappa = .735; 95% IC (0.565; 0.906)]. After this analysis, 19 final papers were included reporting data from 13 different investigations, as five groups of papers reported the results of the same material at different time points or different outcomes from the same population in two publications. The reasons for exclusion of the remaining studies are depicted in Table S1 .
| RESULTS
| Search
| Description of studies
The methodological characteristics of the selected studies are shown in Table 1 . From the 13 investigations, eight investigated the abutment material, three its macroscopic design, one the surface topography and one de surface manipulation.
This systematic review pooled data of 372 patients at baseline, with a total of 608 implants placed. The mean follow-up period was of 36.69 months, with a minimum of 12 months in eight studies and a maximum of 86.4 months in one study. At the end of the study, 353 patients were followed with a total of 587 remaining implants.
When the data were divided according to the treatment modality, 248 patients were treated to evaluate the abutment material (381 implants), 76 patients to study different macroscopic designs (112 implants), 18 patients to examine different surfaces topography (85 implants) and 30 patients to analyse the effects of the surface manipulation (30 implants). Table 2 depicts the scores for each criterion in all the included studies individually. There was not a single study that had a low risk of bias for all the fields. However, six studies had a low risk of bias for the five main criteria (except other sources of bias; Carrillo de Albornoz et al., 2014; Gallucci, Grutter, Chuang & Belser, 2011; Wittneben et al., 2017) or for five different domains (Canullo, Penarrocha, Clementini, Iannello & Micarelli, 2015; Canullo, Genova, et al., 2016; Hosseini, Worsaae, Schiodt & Gotfredsen, 2011) . The remaining studies had a high or unclear risk of bias in two or more fields.
| Risk of bias in individual studies
| Risk of bias across studies
A statistically significant publication bias was observed when combining all studies for BOP (p = .032). No significant publication bias was detected for changes in BOP in studies dealing with material (p = .072).
| Effects of interventions
| Main outcome: mucosal inflammation
Authors were contacted when additional data were required and some of the bleeding or gingival indexes were transformed to bleeding on probing (BOP) values. Three studies were not included in the meta-analysis, one because the modified bleeding index was used (Wittneben et al., 2017) , another because no data were reported although it was mentioned to be recorded (Patil et al., 2014) and one because data were reported as medians (Hosseini et al., 2011) . The longest follow-up from the same study was included in the metaanalysis, except for (Canullo, Genova, et al., 2016; where no baseline data were provided. Changes in BOP percentages for all treatments modalities were not significant when comparing test to control abutments [n = 10; WMD = −3.34%; 95% CI (−9.84%; 3.16%); p < .314] and there was a high heterogeneity (I 2 = 64.1%; p = .003) ( Table 3) . When comparing the four different subgroups, no statistically significant differences were observed between the test and control groups. Within the abutment material group, there was a statistically significant greater increase in BOP values for titanium abutments when compared to zirconia abutments [n = 3; WMD = −26.96%; 95% CI (−45.00%; −8.92%); p < .003]. There was a trend towards significance for a greater increase in the percentage of BOP for gold abutments when compared to alumina abutments, although there was only one study comparing these materials [n = 1; mean difference = −4.24%; 95% CI (−8.86%; 0.38%); p < .072]. 
| Secondary outcomes
Implant survival was given in all the studies except one (Patil et al., 2014) . The mean implant survival rate was 98.61% (min: 89%; max: 100%), and there were no differences between the test and control groups (98.6% and 98.62%, respectively).
Radiographic changes in crestal bone levels were assessed in all the studies except two (Gallucci, Grutter, Nedir, Bischof & Belser, 2011; Sailer et al., 2009) , both as mesial and distal values or as its average. Two additional studies only reported the final values (Fenner, Hammerle, Sailer & Jung, 2016; Van Assche et al., 2012) and another just reported the cumulative bone loss using a graphic (Nicu, Van Assche, Coucke, Teughels & Quirynen, 2012), so they were not included in the meta-analysis. The meta-analysis revealed no significant differences between the test and control abutments when compared all together or when comparing the abutment material or the macroscopic design. The only statistically significant difference was seen for the surface manipulation (cleaning method), with one study showing a greater amount of bone loss when using steam compared to argon plasma [n = 1; MD = −0.44 mm; 95% CI (−0.65 mm; −0.23 mm); p < .001] (Table 4) .
Regarding other peri-implant health outcomes, PPD was assessed in all studies except six. Three additional studies only reported the final values, so they were not included in the meta- final plaque values (Fenner et al., 2016; Sailer et al., 2009 ) and one stated that plaque was recorded but no data were given in the article (Patil et al., 2014) , so they were not included in the meta-analysis.
The meta-analysis revealed no significant differences for any of the comparisons, although there was a trend for a higher increase in plaque levels for titanium abutments compared to zirconia abutments [n = 1; Mean difference = −20.00%; 95% CI (−41.47%; 1.47%); p < .068] ( Table 4 ). The incidence of peri-implantitis was assessed in six studies. Five reported an incidence of 0%, both at the implant recession was observed after 1 (0.25 mm) and 3 years (0.3 mm), without differences between groups (Nicu et al., 2012; Van Assche et al., 2012) . For the surface decontamination method, abutments cleaned with plasma Argon had higher recession when compared to the conventional cleaning (0.58 mm vs. 0.22). The CLI was evaluated in three studies comparing different abutment materials (Carrillo de Albornoz et al., 2014; Fenner et al., 2016; Gallucci, Grutter, Nedir, et al., 2011) and one study comparing different macroscopic designs (Wittneben et al., 2017) . In all, except one, where the titanium abutment experienced a greater increase in the CLI (0.86 mm vs. 0.19 mm ; Fenner et al., 2016) , the changes were minimal (<0.4 mm) and without any difference between groups.
The KM height was recorded in five studies, three comparing different abutment materials (Carrillo de Albornoz et al., 2014; Fenner et al., 2016; Gallucci, Grutter, Nedir, et al., 2011) and two evaluating different macroscopic designs (Patil et al., 2014; Wittneben et al., 2017) . The changes over time were minimal within groups (0-0.7 mm), and no significant differences were observed between test and control (0-0.6 mm). At the end of the study periods, the mean values varied between 2.85 mm (SD = 0.37) and 5.4 mm (SD = 1.7).
The thickness of the mucosa was evaluated in five studies. In four studies different abutment materials were compared, and an endodontic file was used to assess this outcome. In two of these studies, no changes were observed within groups over time (Baldini et al., 2016; Zembic et al., 2009 ), whereas in one study, both groups experienced a minor increase in the thickness (0.4-0.6 mm; Carrillo de Albornoz et al., 2014) . In the remaining study, the outcome was only assessed at the end ). For all of them, the differences between groups were minimal (0-0.4 mm). Additionally, one study comparing concave to convex abutments showed that the thickness was greater in the concave group (2.1 vs. 1.3 mm; Weinlander et al., 2011) .
The position of the interproximal papilla was assessed with the Jemt index (Jemt 1997) in seven studies (Baldini et al., 2016; Carrillo de Albornoz et al., 2014; Fenner et al., 2016; Sailer et al., 2009; Weinlander et al., 2011; Zembic et al., 2009 Zembic et al., , 2013 and by measuring the papilla height in study casts in one investigation (Gallucci, Grutter, Nedir, et al., 2011) , or with the use of a stent (Canullo, Genova, et al., 2016; .
When evaluating the changes on the papilla index, there was a significant increase after one year for the mesial, distal or the average of both measurements (Baldini et al., 2016; Carrillo de Albornoz et al., 2014; Weinlander et al., 2011) . On the other hand, when evaluating the changes between 3 and 5 years, the papilla index remained stable or slightly increased (Zembic et al., 2013) . When comparing the differences between groups, one study found that the papilla index was higher when using a titanium abutment compared to a zirconia abutment (Baldini et al., 2016) , another study observed the opposite (Carrillo de Albornoz et al., 2014) and two other studies did not find any differences among the abutment materials (Zembic et al., , 2013 . The remaining two studies combined the results for both treatment groups, so no comparisons could be done (Fenner et al., 2016; Sailer et al., 2009 ). For the papilla height, there was a significant and similar increase after two and five years in test and control groups (Canullo, Genova, et al., 2016; Gallucci, Grutter, Nedir, et al., 2011) .
The analysis of aesthetics results, mucosal colour and technical complications is depicted in Appendix S2.
Finally, PROM's were reported in five articles by means of a visual analogue scale (VAS). In three of the studies, patients were equally satisfied regarding the aesthetic outcome when comparing zirconia to titanium abutments, with values from 8.3 to 9.1 out of 10 (Baldini et al., 2016; Carrillo de Albornoz et al., 2014; Hosseini et al., 2011) ,
whereas in another study, the results were combined for both groups, with an average of 9.7 out of 10 (Fenner et al., 2016) . In the last study, patients reported similar satisfaction when comparing gold to alumnina abutments (87.71 vs. 91.91 out of 100; Gallucci, Grutter, Chuang, et al., 2011) .
| DISCUSSION
The present investigation found that there was a statistically significant greater increase in mucosal inflammation (BOP) for titanium abutments when compared to zirconia abutments. The macroscopic design, surface topography or surface manipulation, however, did not have a significant influence in soft tissue inflammation. In regard to the peri-implant hard tissues evaluated by the radiographic changes in marginal bone levels, no differences were encountered for the different abutment materials, their macroscopic design or surface topography although the method of their decontamination seemed to influence marginal bone loss.
The lesser BOP reported for the zirconia abutments may be explained by its lesser plaque retention, compared to titanium, due to the surface properties of this material, hence inducing a lesser degree of inflammation Nakamura, Kanno, Milleding & Ortengren, 2010) . In fact, the meta-analysis found lesser plaque accumulation in the zirconia abutment group. This finding has been confirmed in in vivo investigations where bacterial colonisation was compared between zirconia and titanium discs attached to removable dentals prosthesis. Zirconia discs harboured less overall bacteria (Rimondini, Cerroni, Carrassi & Torricelli, 2002; Scarano, Piattelli, Caputi, Favero & Piattelli, 2004) . However, when zirconia and titanium implant abutments were compared in a 3-month split-mouth clinical trial, these findings were not confirmed and no differences in soft tissue health and bacterial composition were reported (van Brakel et al., 2011 (van Brakel et al., , 2012 .
Not only the different plaque accumulation but also the quality of soft tissue attachment may play a role in the degree of inflammation. Zirconia has been shown to promote in vitro a higher degree of fibroblast proliferation when compared to titanium (Nothdurft et al., 2015) . This property, however, did not translate to differential histological outcomes in experimental studies comparing abutments made of zirconium, titanium and gold alloys (Welander et al., 2008) . This study reported similar soft tissue dimensions when titanium and zirconia abutments were compared. In gold alloy abutments, however, there was an apical shift of the barrier epithelium followed by marginal bone loss.
In regard to the macroscopic design, two studies used a commercially available abutment with a macro-grove at the level of the implant shoulder compared to a conventional straight abutment. The tested design left more space for the soft tissue, increasing its thickness with the hope of improving the marginal seal. However, this modification did not seem to impact the peri-implant soft tissues or radiographic outcomes (Patil et al., 2014; Weinlander et al., 2011) .
The fact that surface topography did not have an effect in BOP or bone levels must not be overlooked. This finding is not in line with the hypothesis that an increase surface roughness would facilitate biofilm formation and therefore has a negative influence in clinical parameters (Teughels, Van Assche, Sliepen & Quirynen, 2006 (Glauser et al., 2005; Hermann et al., 2011; Schwarz et al., 2013) .
Considering the heterogeneity of the evidence, it must be taken into consideration that the lack of differences found in the surface topography subgroup analysis was based on two studies from one investigation with a 3-year follow-up, which may be insufficient to draw robust conclusions.
The only factor that seemed to influence the peri-implant bone levels was the abutment surface decontamination. It is well known that the strong affinity of titanium to proteins and amino acids makes the complete cleaning of its surface rather difficult (Rowland, Shalaby, Latour & von Recum, 1995) . Recently, plasma argon cleaning has shown to effectively decontaminate titanium surfaces in vitro (Canullo, Micarelli, Lembo-Fazio, Iannello & Clementini, 2014) . Human histologies have revealed that plasma of argon may promote cell adhesion and positively influence collagen fibre orientation (Garcia et al., 2017) . The results of the publication included in the analysis revealed a difference of 0.44 mm between plasma argon and steamed cleaned abutments. Although statistically significant, these differences may not be clinically relevant.
The lack of differences for some of the comparisons analysed may be due to the questioned reliability of periodontal parameters to assess periimplant health (Coli, Christiaens, Sennerby & Bruyn, 2017) . It has been
shown that several factors such as gender or implant position can influence BOP values around implants (Farina, Filippi, Brazzioli, Tomasi & Trombelli, 2017) . Moreover, excessive probing forces may induce false-positive BOP readings (Gerber, Tan, Balmer, Salvi & Lang, 2009 ). Additionally, the access to insert the periodontal probe in cases of overhanging restorations may underestimate PPD values (Serino, Turri & Lang, 2013) and may induce trauma in the soft tissues, increasing false-positive BOP.
Concerning the appearance of the tissues (i.e., soft tissue dimensions and colour of the mucosa), the systematic review failed to find differences among the tested abutments. Nevertheless, the scope of this review focused on clinical parameters that assessed inflammation, which excluded a number of investigations in which their main focus was the evaluation of the aesthetic outcomes. In this sense, a recent systematic review has shown a tendency for zirconia abutments to evoke a better colour response and superior aesthetic outcomes when compared to titanium (Linkevicius & Vaitelis, 2015) .
Despite our efforts to study the impact of abutment characteristics in clinical parameters, very few investigations have actually evaluated the incidence of peri-implant diseases. Although the onset of peri-implantitis has been reported to occur as soon as three years after loading (Derks et al., 2016) In conclusion, the results of this systematic review and metaanalysis have shown that the macroscopic design, the surface topography and the manipulation of the implant abutment did not have an influence on peri-implant BOP. In contrast, the abutment material had a significant impact, with a greater increase in BOP values over time for the Ti abutments when compared to Zi abutments.
